Rare-earth-ion-doped crystallite has attracted considerable research interest owing to its excellent luminescent properties.
and Er 3+ of high color purity, exhibiting a narrow band emission in the blue and green regions, were obtained. ͑La 1−x Ln x ͒AlGe 2 O 7 ͑Ln= Tm, Er͒ powders are bright emitters, with chromaticity color coordinates that are comparable to or better than those of standard phosphors for display or lighting devices. The blue emission of the Tm 3+ -doped phosphor had CIE chromaticity coordinates ͑0.151, 0.033͒ with a dominant wavelength of 455 nm and a color purity of 94%. The Er 3+ -doped phosphor had color coordinates ͑0.249, 0.718͒, a dominant wavelength of 542 nm, and 92% purity. © 2006 American Institute of Physics. ͓DOI: 10.1063/1.2337275͔
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1 The use of rare-earth element-based phosphor, based on "line-type" f-f transitions, can narrow the emissions to the visible range, resulting in high efficiency and a high lumen equivalent. Thulium-doped phosphors have attracted substantial attention in recent years because Tm 3+ ions provide blue luminescence with potential applications in screens and displays, such as cathode-ray tube screens, fieldemission displays, and electroluminescent devices. [2] [3] [4] Conventional blue phosphors ͑ZnS: Ag, ZnS: Tm, F͒ are the most efficient blue light emitters. 5, 6 However, using sulfide-based materials has such disadvantages as chemical instability during operation, corrosion of the emitter cathode in fieldemission displays induced by sulfur-related contaminant gases, 7 and luminance saturation at high excitation density. 8 Hence, the use of oxide-based phosphors as a source of radiation is an emerging field. Certainly, oxides such as Y 2 O 3 : Tm, SrHfO 3 : Tm, and Y 3 GaO 6 : Tm are serviceable alternatives to the presently used sulfides. 2, 8, 9 Erbium-doped materials have been widely adopted in optical telecommunications systems because of their particular emission band around 1.53 m in the IR region. 10 More recently, however, Er-activated materials have been studied as a light source because of their green emissions. 11, 12 the energy of the transitions, and these multiphonon processes arise from the interaction of the electronic levels of the rare earth with the vibrations of the host lattice. Therefore, it may be expected that very efficient nonradiative relaxation for the 1 G 4 level would occur in LaAlGe 2 O 7 lattice. The blue 1 D 2 → 3 F 4 emission is quite sharp, with a full width at half maximum of about 6 nm. This spectral feature reveals high color purity and excellent chromaticity coordinate characteristics. A series of La 1−x Tm x AlGe 2 O 7 samples was synthesized as the dopant concentration ranged from 0.1 to 30 mol %. The most efficient PL intensities occurred at x = 0.03 in the ͑La 1−x Tm x ͒AlGe 2 O 7 system. The drop in intensity as the Tm 3+ content increased ͑concentration quenching effect͒ was caused by the rise of nonradiative decay channels, which was promoted by the interaction with quenching centers during the cross relaxation or energy transfer processes among Tm 3+ ions. The effect of Tm 3+ content on the 1 D 2 → 3 F 4 transition decay curves is shown in Fig. 2 . A single exponential decay was observed in the diluted samples. At higher concentrations, however, the observed decay curves were nonexponential, and the nonexponential change becomes more prominent as Tm 3+ content increases, revealing that more than one relaxation process exists. When the luminescent centers have different local environments, the associated ions will relax at different rates. If the rates are dramatically different, then diverse decay curves are likely to be observed. Nevertheless, the low-doped samples yield single exponential decay curves with a long lifetime, eliminating this possibility. Additionally, it is unlikely that only one site with the shorter lifetime is populated for higher concentration. The energy transfer over ion-ion interaction between two neighboring activator ions would be beneficial to resolve this issue. The distance between Tm 3+ ions decreases as the Tm 3+ concentration increases; subsequently, the energy transfer process between Tm 3+ ions becomes more frequent, providing an extra decay channel which changes the decay curves.
Samples with low Tm 3+ content would minimize the effects of the interactions between optically active ions. The monoexponential decay curve fit indicates that the LaAlGe 2 O 7 contains a unique crystallographic site available for the activator ͑Tm 3+ instead La 3+ ͒, so that only one luminescent mechanism applies. This result is inconsistent with preliminary investigations of the LnAlGe 2 O 7 -type ͑Ln: trivalent rare-earth ions͒ structure, where Ln 3+ ions are incorporated into single-centered hosts until all rare-earth sites have been substituted. 15 Trivalent erbium with the 4f 11 configuration has complex energy levels with various possible transitions between 4f levels. The transitions between these 4f levels are highly selective and are associated with sharp lines in the spectra. Figure 3 shows PL excitation and emission spectra of LaAlGe 2 O 7 : Er. The excitation spectrum consists of a series of sharp intra-4f-shell transitions from the ground state 4 I 15/2 to higher energy levels. For all samples, only green emission was observed and attributed to the transition from the 2 H 11/2 and 4 S 3/2 states to the 4 I 15/2 ground state. In particular, the emission peaks were centered in the green region, so its color coordinates were desirable. Such partial emission in only the green region with favorable color coordinates is unusual for Er 3+ than other inorganic oxide host, 16 where emission is observed between 500 and 700 nm with moderate intensity. Red emission assigned to the 4 F 9/2 → 4 I 15/2 ͑ϳ660 nm͒ transition for Er 3+ was not detected, indicating that a very efficient nonradiative relaxation for the 4 F 9/2 level occurred. The dependence of the Er 3+ decay curves on concentration is analogous to that of the decay curves of Tm 3+ . The former deviated from the single exponential as the concentration of Er 3+ ions increased. The corresponding chromaticity Commission International de l'Eclairage ͑CIE͒ coordinates are illustrated in Fig.  4 . With the ͑x , y͒ chromaticity coordinates, the dominant wavelength and the color purity compared to CIE Standard Source C ͓illuminant C = ͑0.3101, 0.3162͔͒ for Tm 3+ -and Er 3+ -doped phosphors are listed in 
